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(57) ABSTRACT 

A device is provided that is capable of simultaneous commu 
nication over multiple wired and wireless networks. The 
device is capable of processing data received simultaneously 
over multiple networks by storing the data in data buffers and 
using a polling routine to retrieve the data from the data 
buffers. The device is capable of preventing interference 
when communicating over multiple wireless networks in the 
same frequency band by monitoring the frequency channel 
used by one of the wireless networks and controlling the 
frequency channels used by the other wireless networks. 
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SYSTEMS AND METHODS FOR 
FACILITATING SIMULTANEOUS 

COMMUNICATION OVER MULTIPLE 
WIRED AND WIRELESS NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/616,573, ?led Oct. 6, 2004, Which is 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to devices capable 
of communicating over netWorks, and more particularly, to 
devices that are capable of communicating simultaneously 
over multiple netWorks, both Wired and Wireless. 

BACKGROUND OF THE INVENTION 

Devices communicate or exchange data With other devices 
using a number of different communication interfaces. Hard 
Wired communication interfaces include serial and universal 
serial bus (U SB). Wireless communication interfaces include 
Bluetooth, Wireless Ethernet (also called WiFi or 802.1 lb), 
and general packet radio service (GPRS) to name a feW. 

Bluetooth is a loW poWer Wireless personal area netWork 
(PAN) intended for short distance communications and 
intended to be used as a cable replacement. Bluetooth is 
commonly used for applications such as Wireless headsets, 
Wireless synchronization of personal digital assistants 
(PDAs) With computers, and Wireless printers and keyboards. 

WiFi is Wireless Ethernet local area netWork (LAN) based 
on IEEE (Institute of Electrical and Electronics Engineers) 
standard 802.1 lb. Both WiFi and Bluetooth operate in the 2.4 
gigahertZ (GHZ) band. This band is 83.5 megahertZ (MHZ) 
Wide, beginning at 2.4 GHZ and ending at 2.4835 GHZ. WiFi 
only occupies about a quarter of the 83 .5 MHZ bandWidth that 
is available in the 2.4 GHZ band. 802.11b de?nes eleven 
possible channels in the 2.4 GHZ band. 

In contrast to WiFi, the Bluetooth channel does not utiliZe 
a ?xed frequency but rather employs frequency hopping. 
Bluetooth devices hop among seventy-nine de?ned fre 
quency channels in the 2.4 GHZ band. In this Way, Bluetooth 
occupies the entire 2.4 GHZ band but, at any instant in time, 
only occupies a small portion of the band. Bluetooth hops to 
a neW channel in the 2.4 GHZ band about 1,600 times a 
second. 
GPRS is a packet-based Wireless communication service 

Which operates on cellular telephone netWorks. 
Some devices use only one communication interface. This 

one interface may be one of the hard-Wired interfaces listed 
above or may be one of the Wireless interfaces listed above. 
Devices that use only one communication interface can there 
fore only communicate With other devices using that same 
interface. As the number of communications interfaces 
increases, it is less likely that a device With only one commu 
nication interface Will be able to communicate With other 
devices. 

To address the problems associated With devices having 
only one communication interface, some devices noW include 
tWo or more communication interfaces. While these devices 
With tWo or more communication interfaces are able to com 

municate With a larger number of other devices, the existence 
of multiple communication interfaces in the same device 
creates other problems. A device With tWo or more commu 
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2 
nication interfaces may receive data through more than one 
interface simultaneously and must be able to process any data 
that is simultaneously received through more than one inter 
face. 

Additionally, the close proximity of transmitters for the 
multiple Wireless communication interfaces can cause inter 
ference When tWo or more transmitters are transmitting 
simultaneously. This interference problem is especially acute 
When the multiple Wireless communication interfaces utiliZe 
the same communication frequency band. For example, as 
discussed above, Bluetooth and WiFi both communicate in 
the 2.4 GHZ band. If a device is sending data via a WiFi 
interface at a certain frequency in the 2.4 GHZ band and the 
device also attempts to simultaneously send data via a Blue 
tooth interface, it is possible the Bluetooth interface may hop 
to the same frequency that the WiFi interface is using and 
transmit at that frequency. This resulting interference Will 
cause the WiFi interface to abort sending its data. After abort 
ing its attempt to send data, the WiFi interface Will then 
reattempt sending its data at a loWer data rate. As a result, 
communication speeds decrease and netWork performance is 
degraded. 

Bluetooth version 1.2 addresses the issue of interference 
With WiFi using a technique called adaptive frequency hop 
ping. Adaptive frequency hopping changes the channel map 
used by Bluetooth When it senses data collisions. HoWever, 
this method does not prevent collisions but rather responds to 
collisions. Therefore this technique also results in decreased 
communication speeds. 
As such, there is a need for a device that is capable of 

simultaneous communication over multiple Wired and Wire 
less netWorks, such that the device is capable of processing 
data received simultaneously over multiple netWorks and 
such that the device is capable of preventing interference 
When communicating over multiple Wireless netWorks in the 
same frequency band. 

BRIEF SUMMARY OF THE INVENTION 

A device is therefore provided that is capable of simulta 
neous communication over multiple Wired and Wireless net 
Works, such that the device is capable of processing data 
received simultaneously over multiple netWorks and such that 
the device is capable of preventing interference When com 
municating over multiple Wireless netWorks in the same fre 
quency band. 

According to one embodiment of the present invention, the 
device has a combination of Wired and Wireless communica 
tion interfaces. Each communication interface has a respec 
tive softWare driver to transmit and receive data over each 
respective communication interface. Each softWare driver is 
interrupt driven such that it Will immediately receive data that 
comes in over each respective communication interface. Each 
softWare driver has a softWare data buffer such that it tempo 
rarily stores the data it receives over the communication inter 
face. Through the use of these independent softWare drivers 
the device is capable of receiving data simultaneously over 
multiple communication interfaces. 
The device has a main processor that retrieves the data from 

each of the softWare data buffers such that the data can be 
processed further. For example, in one embodiment of the 
invention the device is a portable printer. When the data that 
has been received over the communication interfaces has 
been retrieved by the main processor, the main processor then 
formats the data for printing and outputs the data to the 
printer’s printing mechanism. 
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The main processor retrieves the data from the software 
data buffers by using a polling routine. The main processor 
polls each software data buffer one at a time in a round-robin 
manner. Any data that is temporarily stored in the software 
data buffers is thereby retrieved by the main processor, one 
data buffer at a time, thereby allowing the main processor to 
effectively process the data. 

It should be appreciated that the device may have two or 
more communication interfaces and that these communica 
tion interfaces may be wired, wireless, or any combination of 
wired and wireless. The communication interfaces may be 
selected from the group comprising serial, USB, Bluetooth, 
WiFi, and GPRS. This group of communication interfaces is 
intended to be illustrative and is not intended to be limiting. It 
should be appreciated that this device may have any type of 
communication interface known, and in any combination. 

According to another embodiment of the present invention, 
the device has two wireless communication interfaces each 
operating at various frequency channels in the same fre 
quency band. These various frequency channels utiliZed by 
each communication interface are collectively referred to as a 
channel map, with each communication interface having a 
respective channel map. Each of the wireless communication 
interfaces has a software driver to transmit and receive data 
over each respective wireless communication interface, using 
any of the channels in its respective channel map. In addition 
to the drivers for each communication interface, there is a 
master driver, called a ringleader, which communicates with 
and exercises control over the other drivers. The ringleader 
periodically determines which frequency channel the ?rst 
communication interface is using and temporarily removes 
that channel from the channel map of the second communi 
cation interface, thereby preventing the two communication 
interfaces from using the same frequency channel and pre 
venting interference. The periodic determination by the ring 
leader of which frequency channel is being used by the ?rst 
communication interface is performed frequently, for 
example every twenty milliseconds. Each time this periodic 
determination is made, the ringleader adjusts the channel map 
of the second communication interface to exclude the channel 
being used by the ?rst communication interface. 

In an example of this embodiment, the ?rst communication 
interface is a WiFi interface and the second communication 
interface is a Bluetooth interface. It should be appreciated that 
this device is not limited to devices with Bluetooth and WiFi 
communication interfaces, nor is it limited to only two wire 
less communication interfaces, but may have any two or more 
communication interfaces that utiliZe the same frequency 
band. 

The present invention provides a device that is capable of 
simultaneous communication over multiple wired and wire 
less networks. The device is capable of processing data 
received simultaneously over multiple networks. The device 
is also capable of eliminating interference when communi 
cating over multiple wireless networks in the same frequency 
band. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

Having thus described the invention in general terms, ref 
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

FIG. 1 is a schematic of a main circuit board of one embodi 
ment of the present invention; 

FIG. 2 is a ?ow chart of operation of the interrupt mecha 
nism of the driver of one of the communication interfaces; 
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4 
FIG. 3 is a ?ow chart of operation of the polling mechanism 

by which the main processor retrieves data from the software 
data buffers; 

FIG. 4 is a ?ow chart of operation of the ringleader by 
which is controls the frequency channels to avoid interfer 
ence; 

FIG. 5 is a perspective view of one embodiment of the 
present invention, wherein the device is a portable printer; 

FIG. 6 is a perspective view of the contents of a base 
portion of the printer of FIG. 5; and 

FIG. 7 is a perspective view of the contents of a base 
portion of the printer of FIG. 5 illustrating the modular circuit 
board. 

DETAILED DESCRIPTION OF THE INVENTION 

The present inventions now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which some, but not all embodiments of the inventions are 
shown. Indeed, these inventions may be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will satisfy applicable legal 
requirements. Like numbers refer to like elements through 
out. 

Embodiments of the present invention described herein 
provide for the device to be a portable printer. However, it 
should be appreciated that other embodiments of the present 
invention may be utiliZed in conjunction with alternative 
devices that communicate over wired and/or wireless net 
works, such as desktop computers, laptop computers, mobile 
computers, personal digital assistants, and card readers. 
Accordingly, the present invention is not limited to portable 
printers, but rather includes any device that communicates 
over wired and/ or wireless networks. 

The portable printer of one embodiment of the present 
invention may have any combination of wireless and hard 
wired communication interfaces. The printer may communi 
cate with any device capable of communicating over a wire 
less or hardwired network. For example, the printer may 
receive data from a desktop computer via a USB interface, it 
may receive data from a mobile computer via a WiFi inter 
face, and it may receive data from a PDA via a Bluetooth 
interface. The printer may also respond to the aforementioned 
devices over the same interfaces, or it may relay data to other 
devices, such as other printers, over the same interfaces or 
other interfaces. 

FIG. 1 depicts a schematic of a main circuit board of a 
portable printer according to one embodiment of the present 
invention. In this embodiment, the main circuit board 124 has 
three wireless communication interfaces 100, 104, and 106. 
Wireless communication interface 100 is a WiFi receiver to 
receive signals from a wireless Ethernet LAN. Wireless com 
munication interface 104 is a Bluetooth receiver to receive 
signals from a wireless PAN. Wireless communication inter 
face 108 is a GPRS receiver to receive signals from a cellular 
telephone network. In addition to the wireless communica 
tion interfaces, main circuit board 124 has two hard wired 
communication interfaces 112 and 116. Hard wired commu 
nication interface 112 is a serial connection, and hard wired 
communication interface 116 is a USB connection. Data 
received by each of the communication interfaces 100, 104, 
108, 112, and 116 is controlled by a corresponding driver 102, 
106, 110, 114, and 118. Each of the drivers includes a soft 
ware data buffer as shown in FIG. 1. As each driver receives 
data from its respective communication interface, the data is 
stored in each driver’s data buffer until the data is retrieved 
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from the buffers by the main processor 120. The main pro 
cessor 120 then formats the data for printing and outputs the 
data to the printing mechanism 122 to print the data. 

FIG. 2 depicts a How chart of the operation of the interrupt 
mechanism ofthe drivers 102, 106, 110, 114 and 118 from 
FIG. 1. The drivers are interrupt driven, meaning that as soon 
as data is present at any one of the communication interfaces, 
as determined at step 200, the corresponding driver retrieves 
the information and temporarily stores it in a softWare data 
buffer, as indicated in step 202. The data remains in one of the 
data buffers until it is retrieved by the main processor using 
the method illustrated in FIG. 3. 

FIG. 3 is a How chart of the operation of the polling mecha 
nism by Which the main processor retrieves data from the 
softWare data buffers. As discussed above, the data received 
by the communication interfaces is temporarily stored in data 
buffers. The main processor polls each softWare data buffer 
one at a time in a round-robin manner. In one embodiment of 

the invention illustrated in FIG. 3, the main processor ?rst 
checks the WiFi data buffer and reads any data stored in that 
buffer, as indicated in step 300. The main processor then 
checks the Bluetooth data buffer in step 302, the GPRS data 
buffer in step 304, the serial data buffer in step 306, and the 
USB data buffer in step 308. Once the main processor has 
polled all the data buffers and retrieved all the data, the main 
processor then feeds the data to the printing mechanism to be 
printed, as indicated in step 310. 

FIG. 4 is a How chart of the operation of the ringleader by 
Which it controls the frequency channels to avoid interfer 
ence. As discussed above, the ringleader is a master driver 
Which communicates With and controls other drivers. In one 
embodiment of the invention, the portable printer has both 
Bluetooth and WiFi Wireless communication interfaces. In 
this embodiment, the ringleader communicates With the WiFi 
driver to determine on Which frequency channel the WiFi 
communication interface is communicating, as indicated in 
step 400. The ringleader compares this frequency channel to 
the WiFi frequency channel previously read and stored by the 
ringleader, as indicated in step 402. In step 404, the ringleader 
determines if the WiFi frequency channel has changed from 
the previously read channel. If the WiFi frequency channel 
has changed, the ringleader communicates With the Bluetooth 
driver and changes the Bluetooth channel map to exclude the 
current WiFi channel, as indicated in step 406. In this embodi 
ment, the Bluetooth driver may be version 1.2 Which alloWs 
the Bluetooth channel map to be changed. By excluding the 
current WiFi channel from the Bluetooth frequency map, this 
prevents the Bluetooth communication interface from using 
the same channel, thereby preventing interference. Whether 
or not the Bluetooth channel map is changed, the ringleader 
repeats this process frequently, every tWenty milliseconds in 
this embodiment as shoWn in step 408. 

FIGS. 5-7 depict a portable printer of another embodiment 
of the present invention. This printer includes a core printer 
assembly Which includes a modular assembly of additional 
electronic devices that supplement the core printer operation, 
such as different communication interfaces. In particular, the 
core printer includes a main circuit board that is con?gured to 
connect to, and communicate With, a modular circuit board 
that is con?gured to support the additional communication 
interfaces. In this manner, multiple types of modular circuit 
boards, each supporting a different number and combination 
of communication interfaces, such as WiFi, Bluetooth, 
GPRS, serial, and USB, can all be employed on the same 
printer. For example, one modular circuit board may have 
WiFi and Bluetooth interfaces. Another modular circuit board 
may have WiFi, Bluetooth, and USB interfaces. Another 
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6 
modular circuit board may have WiFi, Bluetooth, GPRS, 
serial, and USB interfaces. By use of the modular circuit 
board, the numbers and types of communication interfaces on 
a portable printer can be easily customiZed. 

Various aspects of the printer illustrated in FIGS. 5-7 are 
described in greater detail in the folloWing patent application 
Which is hereby incorporated herein in its entirety by refer 
ence: US. Provisional Application No. 60/592, 1 10 to Klein, 
et al., ?led on Jul. 29, 2004 and entitled INTERCHANGE 
ABLE MODULE FOR A PORTABLE PRINTER AND 
SYSTEM FOR OPERATING THE SAME. 
A handheld printer 10 of one embodiment of the present 

invention is shoWn in FIGS. 5-7. Generally, the printer 
includes a rounded, rectangular housing 11 that can be sup 
portedWithin a cradle 12, as shoWn in FIG. 5. The housing has 
three main sub-portions, including a base 13, a modular com 
ponent cover 14 and a media supply lid or cover 15. 

Referring noW to FIG. 6, the base 13 of the housing 11 
supports a main circuit board 35, a print head assembly 43, a 
drive assembly 44, and a media support assembly 45. The 
print head assembly 43, the drive assembly 44, and the media 
support assembly 45 are each mounted on a frame 50. In this 
embodiment, the printer main processor Would be mounted 
on the main circuit board 35, but the various communication 
interfaces Would not. 

Referring noW to FIG. 7, the modular circuit board 34 is 
shoWn in the modular component cover 14 of the printer 
housing. The modular circuit board 34 is connected to the 
main circuit board 35 via ribbon connectors 39. In this 
embodiment and as discussed above, various communication 
interfaces, such as WiFi, Bluetooth, GPRS, serial, and USB, 
may be incorporated into the modular circuit board 34. The 
portable printer may be customiZed by selecting a modular 
circuit board 34 Which incorporates the number and type of 
communication interfaces desired. 
Many modi?cations and other embodiments of the inven 

tions set forth herein Will come to mind to one skilled in the art 
to Which these inventions pertain having the bene?t of the 
teachings presented in the foregoing descriptions and the 
associated draWings. Therefore, it is to be understood that the 
inventions are not to be limited to the speci?c embodiments 
disclosed and that modi?cations and other embodiments are 
intended to be included Within the scope of the appended 
claims.Although speci?c terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 

That Which is claimed: 
1. A device for communicating over at least tWo Wireless 

communication interfaces comprising: 
a ?rst communication interface con?gured to operate at 

one of a plurality of frequency channels Within a fre 
quency band; 

a second communication interface con?gured to operate at 
one of the plurality of frequency channels Within the 
frequency band; and 

a communication controller con?gured to determine at 
Which one of the plurality of frequency channels the ?rst 
communication interface is con?gured to operate, 
exclude the frequency channel at Which the ?rst com 
munication interface is con?gured to operate from the 
frequency channels of the frequency band that are avail 
able at Which the second communication interface is to 
be con?gured to operate, and direct the second commu 
nication interface to operate at a different one of the 
frequency channels of the frequency band other than the 
frequency channel of the frequency band at Which the 
?rst communication interface is con?gured to operate. 
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2. The device of claim 1 Wherein the ?rst communication 
interface and the second communication interface are chosen 
from the group comprising Wireless Ethernet, Bluetooth, and 
general packet radio service. 

3. The device of claim 1 Wherein the ?rst communication 
interface is Wireless Ethernet and the second communication 
interface is Bluetooth. 

4. The device of claim 1 Wherein the frequency band is 2.4 
GHZ. 

5. The device of claim 1 Wherein the device is a portable 
printer. 

6. The device of claim 1, Wherein the communication con 
troller performs the step of excluding the one of the plurality 
of frequency channels at Which the ?rst communication inter 
face is con?gured to operate from the frequency channels 
available to the second communication interface for only so 
long as the ?rst communication interface is operating at the 
one of the plurality of frequency channels. 

7. A device for communicating over at least tWo commu 
nication interfaces comprising: 

a ?rst communication interface having a ?rst communica 
tion driver and a ?rst data buffer such that the ?rst 
communication driver is con?gured to retrieve ?rst data 
from the ?rst communication interface and store the ?rst 
data in the ?rst data buffer; 

a second communication interface having a second com 
munication driver and a second data buffer such that the 
second communication driver is con?gured to retrieve 
second data from the second communication interface 
and store the second data in the second data buffer; and 

a main processor con?gured to retrieve data by polling the 
?rst and second data buffers and process the data, such 
that the main processor is con?gured to retrieve ?rst data 
from the ?rst data buffer, then retrieve second data from 
the second data buffer, and then process the ?rst and 
second data. 

8. The device of claim 7 Wherein the ?rst communication 
interface and the second communication interface are chosen 
from the group comprising Wireless Ethernet, Bluetooth, gen 
eral packet radio service, serial, and universal serial bus. 

9. The device of claim 7 Wherein the device is a portable 
printer. 

10. The device of claim 7, Wherein the ?rst communication 
driver and the second communication driver are each inter 
rupt driven. 

11. The device of claim 7, Wherein the ?rst communication 
driver immediately retrieves the ?rst data upon receipt at the 
?rst communication interface and stores the ?rst data in the 
?rst data buffer and Wherein the second communication 
driver immediately retrieves the second data upon receipt at 
the second communication interface and stores the second 
data in the second data buffer. 

12. A printer comprising: 
a housing including a core printer assembly Wherein the 

core printer assembly includes a media support assem 
bly, a drive assembly, and a print head assembly; and 

a communication interface, Wherein the communication 
interface is con?gured to provide functional support for 
a plurality of Wireless communication devices selected 
from the group consisting of a Wireless Ethernet device, 
a Bluetooth device, and a general packet radio service 
device, 

Wherein the plurality of Wireless communication devices 
comprises a ?rst Wireless communication device and a 
second Wireless communication device, and Wherein the 
printer further comprises a ?rst communication driver 
and a ?rst data buffer such that the ?rst communication 
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8 
driver is con?gured to retrieve ?rst data from the ?rst 
Wireless communication device and store the ?rst data in 
the ?rst data buffer, and Wherein the printer further com 
prises a second communication driver and a second data 
buffer such that the second communication driver is 
con?gured to retrieve second data from the second Wire 
less communication device and store the second data in 
the second data buffer, and Wherein the printer further 
comprises a main processor con?gured to retrieve data 
by polling the ?rst and second data buffers and process 
the data, such that the main processor is con?gured to 
retrieve ?rst data from the ?rst data buffer, then retrieve 
second data from the second data buffer, and then pro 
cess the ?rst and second data. 

13. A printer comprising: 
a housing including a core printer assembly Wherein the 

core printer assembly includes a media support assem 
bly, a drive assembly, and a print head assembly; and 

a communication interface, Wherein the communication 
interface is con?gured to provide functional support for 
a plurality of Wireless communication devices selected 
from the group consisting of a Wireless Ethernet device, 
a Bluetooth device, and a general packet radio service 
device, 

Wherein the plurality of Wireless communication devices 
comprises a ?rst Wireless communication device and a 
second Wireless communication device, and Wherein the 
printer further comprises a communication controller 
con?gured to determine Which one of a plurality of 
frequency channels Within a frequency band the ?rst 
Wireless communication device is con?gured to operate, 
exclude the frequency channel at Which the ?rst Wireless 
communication device is con?gured to operate from the 
frequency channels of the frequency band that are avail 
able at Which the second Wireless communication device 
is to be con?gured to operate, and direct the second 
Wireless communication device to operate at a different 
one of the frequency channels Within the frequency band 
other than the frequency channel of the frequency band 
at Which the ?rst Wireless communication device is con 
?gured to operate. 

14. The printer of claim 13, Wherein the ?rst Wireless 
communication device is a Wireless Ethernet device and the 
second Wireless communication device is a Bluetooth device. 

15. The printer of claim 13, Wherein the frequency band is 
2.4 GHZ. 

16. The printer of claim 13, Wherein the communication 
interface is further con?gured to provide functional support 
for a plurality of Wired communication devices selected from 
the group consisting of a serial device and a universal serial 
bus device. 

17. A device comprising: 
a communication interface, Wherein the communication 

interface is con?gured to provide functional support for 
a plurality of Wireless communication devices selected 
from the group consisting of a Wireless Ethernet device, 
a Bluetooth device, and a general packet radio service 
device, 

Wherein the plurality of Wireless communication devices 
comprises a ?rst Wireless communication device and a 
second Wireless communication device, and Wherein the 
printer further comprises a ?rst communication driver 
and a ?rst data buffer such that the ?rst communication 
driver is con?gured to retrieve ?rst data from the ?rst 
Wireless communication device and store the ?rst data in 
the ?rst data buffer, and Wherein the printer further com 
prises a second communication driver and a second data 
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buffer such that the second communication driver is 
con?gured to retrieve second data from the second Wire 
less communication device and store the second data in 
the second data buffer, and Wherein the printer further 
comprises a main processor con?gured to retrieve data 
by polling the ?rst and second data buffers and process 

10 
the data, such that the main processor is con?gured to 
retrieve ?rst data from the ?rst data buffer, then retrieve 
second data from the second data buffer, and then pro 
cess the ?rst and second data. 
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